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WIND-TUNIvTEL INVESTIGATION OF TKHl SPTECT OF JET-MOTOR 

OPERATION ON STABILITY 
3y VJallace F, Davis and £hervJood H. Brown 



SUKJ^ARY 



The effects of Jet-motor operation on the stability and 
control characteristics of two fighter-type airplanes as 
determined by wind-tunnel tests of l/R-scale models are pre- 
sented. It is ahown that the action of the Jets is to cause 
a small loss in stick-fixed stability which is predictable 
from known theories* 



INT-RODUCTION 

A jot~propulsion eng-ine dravjs air into a compressor and 
delivers it to a chamber where the addition and combustion 
of fuel results in a hiQ;h- temperature gaseous mixture under 
high pressure. This mixture Is then partially expanded 
through a. gas "curbine and is finally ejected as a high- 
velocity high-temperature jet. In general, the diffusion of 
such a jet is the result of the absorption of its energy by 
the surrounding fluid tnrough turbulent mixing • The diameter 
of the j]et increases slowly at a maximum diffusion angle of 
about 7 (references 1 and 2) and the increase in cross- 
sectional area is accompanied by a decrease in velocity. If 
the mom^entum of the spreading jet is to remain constant; the 
decrease in velocity must be accom/panied by an increase in 
mass flow. This m.eans^ of course, that part of the fluid in 
the surrounding strerm is drawn into the jet and the stream- 
lines of the stream ere deflected toward the axis of the high- 
velocity jet. Theoretical treatments of this flow -oroblGm are 
given in reference 3» 

Prior to the dcvelopmxent of these theoretical studies, 
tests of models of two fighter-typo airplanes^ one with a 
single jet motor discharging its hot gases from the tail and 
the other a twin-engine pirplane ^vith jets exhausting near the 
wing roots, were made in the iimcs 7- by 10-foot wind tunnels 
to determiine the effects of jet operation on stability and 
control. This report presents the results of these tests with 
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a cold jet and coxTipares them with the change in stability 
calculated from theory. 

JST-PR0PUL3I0N SIMUL;^TI0N 

If pctual jet-propulsion enp'ine-operat ing conditions were 
to be used in wind-tunnel testing, a jet of the same outlet 
velocity and temperature as generated by the full-scale engine 
would be necessary. The difficulties met in producing these 
conditions in a wind-tunnel model h£.ivc m.ade actual simulation 
impractical at the present time ; so the following approximate 
method has been developed. 

If it is assumed that jet operation does not affect the 
external drag of the engine housing and that the static 
pressure at the jet outlet is equal to atmospheric pressure^ 
the thrust of a jet-propulsion unit '.:ill be equal to the 
rate of change in the m.omentum of the fluid emerging from 
the jet or 

T = M;, (Vj - V) + li^Vj 

where 

T thrust force ; pounds 

Mr mass flow of air, slugs per second 

Vj velocity of fluid at jet outlet, feet per second 

V velocity of flight, feet per second 

Mp mass flow of fuel, slugs per second 

Then, defining the jet thrust coefficient Tcj' as the thrust 
divided by the product of the dynf.ir.ic pressure of the free 
stream q''(lb/sq ft) f.nd the wing area S (sq ft), 

T < - X f + X / M;^'(Vj - V) -f Mp Vj x 

^cj qS VM^ + Mp .-• V ^-2^ J 

and since 

+ Mp ^ Pj Vj Aj 
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density of fluid at jet outlet, slugs per cubic foot 
area of ^et outlet, square feet 

M, 
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With the jet-propuleion engines used at the present tine 
will not be more th^.n 2 percent of Y.^ even under oxtrene 
conditions. Therefore, if Mp is neglected, 



= ? ^Xj'^ 
V p^ V s y V vy 



and the thrust will be simulated if the product of the ratios 
of the above ecuation is the desired constant. If p cold jet 
is used in wind-tunnel teetinp^ che density ratio will not be 
the same as found under r.ctual conditions; however^ a given 
Tcj.' can be obtained by adjustinp; the vrlue of nj/S." This 

adjustment was made in the case of the models by reducing the 
Jet-outlet area with a streamlined plug* 

The principal sources of error in usinp: this method of 
Jet simulation are the incorrect Jet temperature and viscosity 
and the change in the manner of .^ot diffusion by the stream- 
lined plug. Both of these errors vail affect the inflow about 
the Jet, and thus possibly the stability and control character- 
istics of a wind-tunnel model. However^ it is believed that 
these errors will be small and of secondary importance. 



APPARATUS AND IlETHOD 



The arrangement of zhe 1/5-scale models of the fighter 
airplanes in the 7- by 10-foot wind tunnel is shown in figures 
1 and 2 and the model dimensions are given in figures 3 and 4-. 
The jet was simulated by compressed air supplied to the model 
by the Piping arrangement sho-.^n in figures 1 and 2. This air 
passed through a mercury seal that removed any restraint from 
the balance- system and entered the floating fram.e along the 
center line of rotation in yaw perpendicular to the drag and 
crosG-f orce-wind axes and along the axis of the links of the 
front-lift scales. The model Ditched about a fixed vertical 
r-ive, and the rotation of the jet outlet about the pivot was 
ta"^en bv flexible tubing. In order to reduce interference 
and tare forces, the length of the pipe that projected into 
the wind-tunnel air stream was surrounded by a fairing that 
was free of the wind-tunnel balance system. The jet-outlet 
velocity was calculated fram measurements obtained from a 
thermocouple and calibrated orifices in the pipe leading to 
the jet outlet. 

The forces due to jet operation were measured through 
the available jet-velocity range (0 to 1000 ft /sec) in a 
tunnel-off calibration. Since only the effects of the change 
in flow about the model were desired, the pitching moment and 
the force comoonents resulting: from the thrust of the jet 
have been subtracted from the test results. All the data have 
been corrected for wind-tunnel-wall effects and tares. 

The method of conducting the tests consisted of setting 
the outlet velocity of the jet at the highest attainable value 
and varylnP- the outlet-velocity ratio Vj/V by changing tne 
dvnamic pressure in the wind tunnel. This procedure caused a 
change in Reynolds number (from 700,000 to cased 
upon the mean aerodynamic chord of the moaels) that affectea 
the aerodynamic characteristics of the models to some extent, 
especially when the flaps were deflected. In order to elimi- 
nate this variable, jet-off data were obtained at the same 
dynamic pressures as were the jet-on data. Comparison of the 
results showed an increment in pitching moment and control 
hinge moment due to jet operation. In oraer to illustrate the 
effect of outlet-velocity ratio, it has been assumed that 
Reynolds number has a negligible effect on these J^^-J^^^:^^^;^^ 
and they have been added to the basic moment and hmge-moment 
curves obtained at the higher Reynolas numoer. 

The nature of the flow in the region of a high-velicity 
jet was investigated by visual and cualitative observations. 
The apparatus for the former method consisted of a 5-iach by 
p^-inch plexiglass flow channel, a two-aimensional Jet, ana a 
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^moke generator. The jet was supplied by compressed air from 
a source of variable pressure and issued from a 1/16-inch slot 
in a plenum chamber that extended across the flow channel. 
Smoke was produced by blowing an oil mixture through a heated 
coil and was introduced into the low-^velocity air stream (6 
to 12 ft/sec) above the jet outlet. High-speed photographs 
were taken of the smoke streamers through an outlet-velocity 
ratio range of 0 to 2. 

The magnitude and the direction of the change in flovj 
about the jet outlet of the single-engine airplane model were 
measured with a directional pitot- tube. The accuracy of this 
instrument in measuring angles of pitch and yaw is within 
about ±0,25^; ^-Hd the dynamdc pressure measurements are within 
about ±1 percent. 

The change in pressure distribution on the horizontal 
tail surface of the single-engine fighter model was rioasured 
by static pressure orifices at 25 percent and 5^ percent of 
the elevator semispan on an airfoil located 6 inches (model 
scale) above the center line of the jet outlet. 



RESULTS AMD DISCUSSION 



Flow Pattern 

Since the high-velocity jets of both airplanes could 
influence the flow in the vicinity of the tail and thereby 
change the stability, tests were made in a small flov; channel 
to study the flow around the jet vjith smoke stream.ers. Figure 
5 shows photographs of these smoke streamers. These studies 
indicate that the streamlines curve toward the jet as the 
outlet-velocity ratio is increased and that the greatest change 
in stream direction is near the jet outlet. Measurem.ents , v;ith 
a directional pitot tube, of the magnitude of the flow-angle 
changes about the jet of the single-engine airplane model are 
not of sufficient accuracy to determine absolute values, since 
the' variation is of the same, magnitude as the accuracy of the 
instrument. Hov:ever; the data of figure 6 do show that the 
change in stream direction in the region of the horizontal 
surface is small (less than 1^). No measurable change in the 
velocity of the stream, at the tail was noticed. 



Change in Tail Load 

The flow inclination caused by the jet produced an 
increase in the download on the horizontal tail of the 
single-engine airplane model because of an increase in 
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downwf.sh angle and a .change in the effective camber of the 
airfoil section. Measurements of the pressure-coef f iQient 
(? = /iP/q) distribution show that the jet causes a decrease 
in the pressure on the lower surface that increases with jet 
thrust coefficient (Tcj') f.nd decreases with distance from the 
center line of the jet. (5ee fig. 7.) T'he change in pressure 
coefficient is small, being equal to about O.I5 at 25 percent 
of the semispan of the horizontal tr.il for an outlet- velocity 
ratio of 12.' 

A decrease in pressure on the lower surface of the hori- 
zontal tail causes a more positive -oitching-moment coefficient. 
Measurements of the pitching moment with the same horizontal 
tail as was used for" the pressure-distrrouta on tests showed a 
positive shift of the pitching-moment-coHff icient curve of 
about 0.03 at an outlet-velocity ratio of 12. Since the 
pitching moment of the model without a tail was not affecued 
by jet operation, this change in C_, agreed with that 
predicted by the pressure mcasurcmerits . 



Change in Longitudina.1 Stability 

For the single-engine model, military-rated-power opera- 
tion of the jet-propulsion engine of the airplane is ^ 
characterized by the variation of thrust coefficient Tcj 

and outlet-velocity ratio Vj/V with s-oeed that is shown 
in fiaure g. The variations of pitching-moment and elevator 
hinge-moment coefficients resulting from ope'ration of the 
jet are shown in figure 9, 10. 11. From these data, 
the effect of jet operation upon an gOOO-pound single-engine 
airplane flying at sea level has been computed and is 
sumrnariz.od in the folloxving table: 



i 

1 Condition 

^ - 


i'^easured change in 
stick-fixed neutral- 
Tjoint loca.tion 


Lstin;atcd change in 
neutral-point loca- 
tion (from ref . 3 ) • 


! Flaps retracted 

i 0 

i Flaps 55 

i 


I 

2 percent M. A.C . 

1 percent M*A,C, 


2 percent M,A,C. 



For tbe twin-engine airplane, the variation of outlet-velocity 
ratio, t'orust coefficient, and lift coefficient with airspeed 
pre given in figure 12. Figures IJ, 1^^, and I5 show the 
effects of iet operation on the stability ond control and 
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elevator hinge moments. The measured and estimated changes 
In stlcli-flxed stability for the tx/in-engine airplane are 
given in the following table: 



Condition 


Measured change in 
stick-fixed neutral 
point location 


Estimated change in 
neutral point location 
(from reference 3)« 


Flaps retracted 


3 percent l-i.A.C. 


^.2 percent I'l.A.C, 


Flaps deflected 


h percent H. A.G . 





From these data it is concluded that the effects of jet oper- 
ation on the stick-fixed stability are small and may be 
predicted vith reasonable accuracy from known theories. 



The effects of jet operation on the elevator hinge 
moments of the single-engine airplane result in an increase 
in stick-free stability because of the increase in ^hr^* 
Calculated stick-free neutral-point shifts of 30 percent 
for this condition are not of significance^ however, since the 
force variation with speed is very slightly increased. For 
the twin-engine airplane the effect of jet o^jieration on the 
hing:e-moment characteristics is negligible, insofar as changes 
in stick-free stability are concerned. 



Directional Stability 

Tests of the directional stability with jets operating 
show negligible changes in stability and trim. 



CONCLUDING R3i-IARKS 

It is concluded that the effects of jet operation on the 
stability chara; ^eristics of airplanes similar to those for 
which model tesos were made will be small provided the jet 
does not impinge on the tail. The stability changes can be 
predicted with reasona.ble accuracy from knovjn theories. It 
is possible that for certain locations of the tail plane 
relative to the jet, stability changes appreciably greater 
than those found for the m.odels of this report m.ay be 
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experienced. Study of the theoretical treatises will show 
regions of large flov; angles which should be avoided in 
fixing- the position of the tail. 

Ames Aeronautical Laboratory; 

T'gtional Advisory Gortir:dttee for Aeronautics, 
iloffett Field, Calif., Nov. 6, 19^5. 
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FIGURE I.- METHOD OF SUPPLYING THE JET OF THE SINGLE-ENGINE AIRPLANE MODEL 

WITH COMPRESSED AIR ^6966 

11-6-45 




Figure 2.- Sketch of air ducts and mercury 
the two-engine airplane. 



seal 



for 1/5-scale model of 



N AT ION AL ADV I SORY 
COMMITTEE FOR AERONAUTICS 



ELEVATORS-SEALED SAf » 

70 'A. /NTEfeNAL BAJJ\NCE 



/ ELEY, HiNGE 




7'3D' DIHEDR.AL 
ALL DIMENSIONS AR.E IN INCHES. 
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NORMAL C.G. ZOYyM.A.C. AFF OF MM.C LE. 
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r/GURE 3.- PIMEN2I0N3 OF THE 5 INGLE- ENGINE AIRPLANE MOD€L, 




MODEL D/ME/JS/OA^S 



M^^G A/P&i = //.OS SQ./^Z 
MA C. = 16.92 /M 

//o/^/zavr/^L r/i/L. a^£A r z.z? scp.'^r. 

£lE/4rOi^ OVOPZ) -388 c C292.^r.AI/) 

Ei£i//iroje /ife£/i /lEr of ^ .79 SQ.n 

A/OPMAL C.Q. /6.6%Af A-C.A£7: (y= /^/f.C. L.E 

/vof^^Ai c.c^. /./ayo ha c. aso^s 7-A'/P6Jt:.ri/A/£ 

A/0£AI^L C.Q. 72? £l£yAroP ///A/(;,£ /JA/£ S 6oFr 
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Vj/v = 0 V = 6.6 fps vj/v =60 V = g.6 f: 




Vj/V = k.k V = S.l fps • i}y/^f = 7.g V 11.7 fpe 

Figure 5.- Photographs of smoke streamers showing the effect of a two- 
dimensional jet upon the surrounding field of flow through an outlet 
velocity ratio range from 0 to g. 
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